ABSTRACT: Four experiments were conducted to evaluate the influence of changing the proportion of supplemental degradable intake protein (DIP) from urea on forage intake, digestion, and performance by beef cattle consuming either low-quality, tallgrass prairie forage (Exp. 1, 2, and 4) or forage sorghum hay (Exp. 3). Experiments 1, 2, and 3 were intended to have four levels of supplemental DIP from urea: 0, 20, 40, and 60%. However, refusal to consume the 60% supplement by cows grazing tallgrass prairie resulted in elimination of this treatment from Exp. 1 and 2. Levels of supplemental DIP from urea in Exp. 4 were 0, 15, 30, and 45%. Supplements contained approximately 30% CP, provided sufficient DIP to maximize digestible OM intake (DOMI) of low-quality forage diets, and were fed to cows during the prepartum period. In Exp. 1, 12 Angus × Hereford steers (average initial BW = 379) were assigned to the 0, 20, and 40% treatments. Forage OM intake, DOMI, OM, and NDF digestion were not affected by urea level. In Exp. 2, 90 pregnant, Angus × Hereford cows (average initial BW = 504 kg and body condition [BC] = 5.0) were assigned to the 0, 20, and 40% treatments. Treatment had little effect on cow BW 
Introduction
Degradable intake protein (DIP) has been shown to be the first-limiting nutrient for maximizing utilization of low-quality, tallgrass-prairie forage by beef cattle (Köster et al., 1996; Olson et al., 1999; Bandyk et al., 2001) . However, because of the expense associated with using ruminally degradable true protein in supplements for cattle grazing dormant range, there has been long-standing interest in replacing a portion of the true protein in such supplements with nonprotein nitrogen (NPN). Research has reported similar forage intake (Raleigh and Wallace, 1963; Swingle et al., 1977; Köster et al. 1997) and similar microbial N production or efficiency of microbial N synthesis (Kropp et al., 1977b; Kellaway and Leibholz, 1983; Petersen et al., 1985) when predominantly urea-based supplements were compared with true-protein supplements. In contrast, other work (Williams et al., 1969; has suggested that cattle performance with NPN-based supplements was generally inferior to the performance of cattle receiving true-protein supplements. However, NPN often constituted a high percentage of the total supplemental N in those studies and frequently included postpartum supplementation. The positive response to DIP supplementation noted previously and the fact that structural carbohydrate fermenting bacteria tend to prefer NH 3 as their N source (Russell et al., 1992) suggests that some potential should exist for substituting NPN for a portion of the degradable true protein in supplements for range cows. Moreover, such substitution would seem to have less potential to affect reproduction if restricted to the prepartum period. Therefore, the objectives of this study were to evaluate changes in intake and digestion when increasing amounts of urea were substituted for DIP in supplements fed to beef steers fed low-quality forage and to monitor response in beef cows and their calves to prepartum supplementation with such supplements.
Experimental Procedure
Four experiments were conducted to evaluate the influence of changing the proportion of supplemental degradable intake protein (DIP) from urea on forage intake, digestion, and performance by beef cattle consuming either low-quality, tallgrass-prairie forage (Exp. 1, 2, and 4) or forage sorghum hay (Exp. 3). Supplements fed to cows were offered during the final 2 to 3 mo before calving. Experiments 1, 2, and 3 were intended to have four supplement treatment groups: 1) 0% of the supplemental DIP (0% of the supplemental CP) from urea, 2) 20% of the supplemental DIP (~15% of the supplemental CP) from urea, 3) 40% of the supplemental DIP (~30% of the supplemental CP) from urea, and 4) 60% of the supplemental DIP (~45% of the supplemental CP) from urea. However, refusal to consume the highest-urea supplement by the cows grazing tallgrass prairie resulted in elimination of this treatment for Exp. 1 and 2. Cows fed forage sorghum hay did not refuse to eat the highest-urea supplement. In Exp. 4, the four supplement treatment groups were 1) 0% of the supplemental DIP (0% of the supplemental CP) from urea, 2) 15% of the supplemental DIP (~11% of the supplemental CP) from urea, 3) 30% of the supplemental DIP (~22% of the supplemental CP) from urea, and 4) 45% of the supplemental DIP (~34% of the supplemental CP) from urea. The amount of DIP provided by the supplements in each of the experiments (11% or greater of projected digestible OM) was chosen based on results from a previous study in which the amount of dietary DIP needed to maximize digestible OM intake (DOMI) of low-quality, tallgrass-prairie forage was determined (Köster et al., 1996) . Values for DIP in supplements and forages were drawn from literature values (Preston, 1992; NRC, 1996) or from research conducted with similar feedstuffs (Köster et al., 1996; Mathis et al., 2000) when unavailable in the literature. In each experiment, we attempted to formulate the supplements (Tables 1 and 2) to contain approximately 30% CP and to have N:S ratios of not more than about 10:1. The experimental protocol and surgical procedures (including anesthesia) were approved by Kansas State University's Institutional Animal Care and Use Committee.
Experiment 1: Digestion Trial with Tallgrass-Prairie Hay
Twelve ruminally fistulated Angus × Hereford steers (average initial BW = 379 kg, average final BW = 406 kg) were blocked by BW and assigned randomly to the 0, 20, and 40% treatments. Steers received 1,648 g of supplement DM daily (approximately 0.43% of initial BW). Supplements and forage were fed once daily in the morning (0800), with the supplement offered just before the hay. Generally, all supplements were consumed within 45 min. Steers were housed in a partially enclosed barn (one side open) in 2-× 6-m individual pens and had ad libitum access to water and low-quality tallgrass-prairie hay. The trial was conducted from March 1 through March 31, 1995, and the average daily minimum and maximum temperatures for the period were 1°C and 13°C, respectively. Hay was ground to pass a 75-× 75-mm screen and offered at 125% of the previous 5-d average consumption. Sufficient quantities of macro-and trace minerals were added to the supplements to ensure that the amounts provided by the total diet fell within NRC (1984) guidelines. The quantities of minerals supplied by the supplemental sources as well as the prairie hay were estimated from literature values (Umoh et al., 1982; NRC, 1984) . Vitamin A also was added at approximately 10,600 IU/kg supplement.
Sampling. The digestion study lasted 31 d and consisted of a 14-d adaptation period, followed by 7-d intake and 7-d total fecal collection periods. Representative feed and orts samples were collected during the intake and fecal collection periods, weighed, and dried at 50°C for 48 h. Total fecal output was recorded and subsampled at approximately 2% (wet weight) of the total daily fecal output. Fecal samples were dried at 50°C for 96 h in a forced-air oven and stored for further analysis. Ruminal DM and fluid contents were removed manually on d 29 just before (0 h) and 4 h after forage and supplement were fed. Rumen contents were weighed, mixed, and subsampled in triplicate. Ruminal subsamples were dried at 50°C for 96 h in a forced-air oven and stored for future analysis.
On d 31, ruminal fluid samples were collected for monitoring fermentation. Eight grams of Co-EDTA (Uden et al., 1980) were solubilized in 300 mL of deionized water and administered into various sites in the rumen to determine fluid dilution rate. Ruminal fluid Preston (1992) , and from research conducted with similar feedstuffs (Köster et al., 1996; Mathis et al., 2000) . The undegradable intake protein (UIP) value was estimated as 100 − DIP(% CP). samples were taken at 0 (just before dosing), 3, 6, 9, 12, and 24 h relative to feeding in order to determine ruminal pH, VFA, ammonia N, and Co concentrations. Two milliliters of ruminal fluid was added to 8 mL of 0.1 N HCl and stored for ruminal ammonia N analysis, and 8 mL of ruminal fluid was added to 2 mL of 25% (wt/vol) metaphosphoric acid for VFA analyses. These samples were frozen at −20°C, together with a third sample of 20 mL of ruminal fluid for subsequent Co analysis.
Laboratory Analysis. Dried feed, orts, and fecal samples were ground with a Wiley mill (Thomas Scientific, Swedesboro, NY) to pass a 1-mm screen. Forage samples were composited into a single sample. Orts and fecal samples were composited by steer across days. Feed and orts samples from d 21 to 27 and fecal samples obtained during the 7-d fecal collection period (d 22 to 28) were used to estimate OM and NDF digestibility.
Feed, orts, and fecal samples were analyzed in duplicate for DM (105°C for 24 h), ash (450°C for 8 h), and Kjeldahl N (AOAC, 1990) . Neutral detergent fiber concentration (ash-free) was determined in feed, orts, and fecal samples via the procedures described by Van Soest et al. (1991) . Because of the high starch content in the supplements, 50 L of amylase (Sigma Chemical Co., St. Louis, MO) was added to the samples before refluxing as a filtration aid for NDF analysis.
At each time period, pH of ruminal fluid samples was measured using a portable pH meter with a combination electrode (Orion Research, Boston, MA). After thawing, samples for ammonia N, VFA, and Co analysis were centrifuged at 20,000 × g for 20 min. Ammonia N concentration was determined by the phenol hypochlorite procedure (Broderick and Kang, 1980) and ruminal VFA concentrations were measured using a gas chromatograph as described by Vanzant and Cochran (1994) . Cobalt concentrations were determined by an atomic absorption spectrometer with an air-plus-acetylene flame. The natural logarithms of Co concentrations were regressed against sampling time to calculate fluid dilution rate (Warner and Stacy, 1968) . Ruminal fluid and DM contents were determined from ruminal evacuations.
Experiment 2: First Cow Performance Study with Tallgrass-Prairie Forage
Ninety pregnant, spring-calving Angus × Hereford cows (average initial BW = 504 kg; average initial body condition [BC] = 5.0) were stratified by BW and BC. Cows were assigned randomly within each stratum to the same treatment supplements described for Exp. 1. The amount of supplement fed was adjusted to provide the same amount of supplement per unit of BW as the steers received in Exp. 1. Cows received approximately 2.16 kg/d of supplement DM. Although supplements were formulated to contain 30% CP, a deviation of about 20% was evident for two of the treatment supplements (0 and 40%; Table 1 ). Supplementation treatments were replicated within each of three tallgrass-prairie pas- Composition: 64.2% trace mineralized salt (64% NaCl, 17% Ca, 13% P, 5% S, 0.007% I, 0.24% Fe, 0.08% Zn, 0.03% Cu, 0.004% Co, and 0.004% Mg); 35.0% monocalcium phosphate; 0.8% vitamin A premix. c Composition: 7.3% trace mineral premix (Ca, 14.0%; Co 1000 ppm; Cu 15,000 ppm; Iodine, 2000 ppm; Fe 100,000 ppm; Mn 80,000 ppm; Zn 120,000 ppm); 55.3% NaCl; 37.4% dicalcium phosphate. Composition: 63% trace mineralized salt (not more than 98.5 nor less than 95.5% NaCl, 0.24% Mn, 0.24% Fe, 0.05% Mg, 0.032% Zn, 0.032% Cu, 0.007% I, 0.004% Co); 36% dicalcium phosphate; 1% vitamin A premix.
tures (approximately 122 ha/pasture). Cows within each individual pasture were gathered each morning (approximately 0700), separated by treatment, and group-fed in bunks. The tallgrass-prairie pastures predominantly consisted of big bluestem (Andropogon gerardii), little bluestem (Schizachyrium scoparium), and indiangrass (Sorghastrum nutans) as well as a mixture of other less-dominant perennial grasses and forbs (Anderson and Owensby, 1969) and appeared visually to provide abundant forage. Body weight and BC were measured at the start of the experiment (November 28), within 48 h following calving, upon movement to summer breeding pastures (April 27, actual breeding season was from May 15 to July 15), and at weaning (October 5). All BW were measured after cows and calves were without feed and water overnight. The calving season started in mid-February and continued through the end of April. The average calving date was March 21. Because treatment supplements were fed only during the prepartum period, the total supplementation period averaged 113 d. After calving, all cows were handled as a group and received 4.54 kg/d of alfalfa hay (as-fed; 23% CP and 34% NDF on DM basis) until sufficient new grass growth was available (end of April). Cows were bred by natural service. A single shot of PGF 2α (Pharmacia Animal Health, Kalamazoo, MI) was given at the beginning of the breeding season.
Body condition scores of all cows were obtained on weigh days, using a scale of 1 to 9 (1 = extremely emaciated; 9 = extremely obese; average score of four trained individuals). Birth weights of calves were recorded within the first 48 h after calving. Calf ADG was calculated as weaning weight minus birth weight divided by the number of days from birth.
Experiment 3: Cow Performance Study with Forage Sorghum Hay
One hundred twenty pregnant, crossbred beef cows (average initial BW = 498 kg; average initial BC = 4.6) were assigned to eight groups of 15 cows each. Groups were balanced for average BW and BC, genotype, previous experimental treatment, and cow age. These groups were assigned randomly to the 0, 20, 40, and 60% treatments. Cows received approximately the same quantity of supplement per unit of BW as in Exp. 1 and 2 (2.16 kg DM/d). Cows were placed in eight drylot pens and had ad libitum access to large, round bales of forage sorghum hay in bale feeders. Cows were fed supplements in concrete bunks once daily from December 3 until February 1. Palatability problems were not evident for any of the supplements, all of which were consumed completely within approximately 30 min. On February 1, all groups of cows were moved to a single calving pasture and treated similarly thereafter. Postpartum diets included ad libitum access to a forage sorghum hay of slightly higher quality (6% CP; 1.95 Mcal ME/kg DM) and approximately 0.9 kg/d (as-fed) of a commercial supplement (39% CP as-fed; 90% DM; 2.75 Mcal ME/kg DM). These quantities were calculated to meet the CP and ME requirements of a cow with average milking ability during early lactation (NRC, 1984) .
Cows were weighed and scored for BC (1-to-9 scale; average score of two trained individuals) at the beginning of the experiment (December 2), within 48 h after calving, at the beginning of the breeding season, and at the time of weaning in mid-October. All weights were obtained after cows were without access to feed or water overnight. Calves were weighed within 48 h of birth and at weaning under similar conditions as those used for the cows. Calf ADG was calculated as weaning weight minus birth weight divided by the number of days from birth.
A two-shot PGF 2α (Pharmacia Animal Health) system was used to synchronize estrus in the cows. Cows displaying standing heat following each injection (given across an 11-d interval) were bred by artificial insemination. Subsequently, cows were bred by natural service.
Experiment 4: Second Cow Performance Study with Tallgrass-Prairie Forage
One hundred thirty-two pregnant, Angus × Hereford cows (average initial BW = 533 kg, average initial BC = 5.3) were stratified by BW and BC and assigned randomly within stratum to the 0, 15, 30, and 45% treatment supplements. Cows received approximately the same amount of supplemental DM relative to BW as fed in Exp. 1 through 3 (2.27 kg/d). Supplementation treatments were replicated within each of three tallgrass-prairie pastures (approximately 122 ha/pasture). The tallgrass-prairie pastures were the same as those used in Exp. 2. Cows were gathered each morning (0700), separated into treatment groups (four groups of 11 cows in each pasture), and group-fed (within pasture group) their respective supplements. After calving, supplementation treatments were terminated, and all cows were fed 4.54 kg/d of alfalfa hay (as-fed basis; 89.3% DM, 18.3% CP, 45.7% NDF) while grazing tallgrassprairie pasture until sufficient new growth was available in the spring (late April). Cow BW and BC were taken, after being without feed or water overnight, at the beginning of the experiment (November 30), within 48 h of calving (average calving date = March 8), upon movement to summer breeding pastures (April 26; 60-d breeding season beginning in mid-May), and at weaning (October 1). Body condition scores were obtained by four trained individuals and were assigned in whole units on a 1-to-9 scale. Birth weights of calves were recorded within 48 h of calving and calf ADG was calculated as weaning weight minus birth weight divided by the number of days from birth. Cows were bred by natural service with a single shot of PGF 2α (Pharmacia Animal Health) given at the initiation of the breeding season.
Statistical Analysis. In Exp. 1, intake, digestibility, and flow data were analyzed as a randomized complete block design using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). Model sums of squares included treatment and weight block, with steer being considered as the experimental unit. Treatment sums of squares were partitioned with orthogonal polynomials into linear and quadratic effects. Ruminal DM and fluid contents, as well as fermentation measurements (pH, VFA, and ammonia N), were analyzed as a randomized complete block, split-plot design using the GLM procedure of SAS. Whole-plot sources of variation were treatment and block, and the subplot sources included time and treatment × time. Treatment × block was used as the whole-plot error term. Treatment sums of squares were partitioned with orthogonal polynomials into linear and quadratic effects.
In Exp. 2, cow BW, BC, calf birth weight, weaning weight, and calf ADG were analyzed as a randomized complete block design using the GLM procedure of SAS. The model included effects for treatment and pasture (i.e., block). Treatment groups (rather than individual animal) within a pasture were considered to be the experimental units. Therefore, the treatment effect was tested using treatment × block as the error term. Treatment sums of squares were partitioned with orthogonal polynomials into linear and quadratic effects. Pregnancy rate was analyzed using the CATMOD procedure of SAS.
In Exp. 3, statistical analysis was performed on mean responses for each group of 15 cows (experimental unit). The data were analyzed as a completely randomized design using the GLM procedure of SAS with supplemental urea level as the only term in the model statement. Treatment sums of squares were partitioned with orthogonal polynomials into linear, quadratic, and cubic effects. Pregnancy rate was analyzed using the CAT-MOD procedure of SAS.
In Exp. 4, BW, BC, birth weight, weaning weight, and calf ADG were analyzed as a randomized complete block using the GLM procedure of SAS. The model included effects for treatment and pasture (i.e., block). Treatment group (rather than individual animal) within each pasture was considered to be the experimental unit and the treatment effect was tested using treatment × block as the error term. Treatment sums of squares were partitioned with orthogonal polynomials into linear, quadratic, and cubic effects. Pregnancy data were analyzed by chi square analysis using the FREQ procedure of SAS. In reporting actual probability levels (i.e., alpha levels) in the text for traits where P-values vary among the contrasts, the greater than or equal to (≥) and less than or equal to (≤) symbols were used. In each of these cases the P-values represent the probability of a type I (i.e., alpha) error.
Results

Experiment 1: Digestion Trial with Tallgrass-Prairie Hay
Increasing proportions of supplemental DIP from urea (maximum of 40%) did not change forage OM intake (P = 0.63), total OM intake (P ≥ 0.65), or DOMI (P ≥ 0.38) in this study (Table 3) . Similarly, total tract OM and NDF digestibilities were not affected (P ≥ 0.58 and 0.37, respectively) by urea level.
Treatment × time interactions occurred with ammonia N, total VFA, and valerate (P ≤ 0.02; Table 4 ). However, interactions appeared to be largely due to varia- tion in the magnitude of differences within each time period. Therefore, data were averaged across time to facilitate evaluation of the main treatment effects. Increasing urea levels did not affect (P ≥ 0.25) ruminal pH or total VFA concentration. However, ammonia N concentrations increased linearly (P < 0.01) as percentage of supplemental DIP from urea increased. None of the individual VFA proportions were significantly altered with increasing urea level.
Experiment 2: First Cow Performance Study with Tallgrass-Prairie Forage
Cumulative BW changes (Table 5 ) from the beginning of Exp. 2 through calving or through the beginning of the breeding season were not significantly different, although cumulative BW change over the entire trial (November 28 through weaning) tended (quadratic, P = 0.14) to be less for the 40% treatment. In contrast, changes in BC across all intervals were not significant, although the numerical trends for BC change roughly followed a pattern similar to those observed for BW change.
The birth weight of calves, calf ADG, and calf weaning weight were not affected (P ≥ 0.25) by the level of urea fed to their dams before calving (Table 6 ). Pregnancy rate tended to be affected (P = 0.13) by treatment, with the lowest pregnancy rate observed for the greatest level of urea fed prepartum.
Experiment 3: Cow Performance Study with Forage Sorghum Hay
Cumulative BW change from December 2 until calving was not affected (P ≥ 0.20) by different urea levels (Table 5 ). However, from December 2 through breeding a linear (P = 0.06) decrease in BW change was observed with increasing urea level. A quadratic (P = 0.01) response in cumulative BW change was observed for the entire experimental period (December 2 through October 11), with the highest urea level resulting in the lowest BW increase. Cumulative BC change from December 2 through calving (quadratic, P = 0.08) and breeding (quadratic, P = 0.03) was lowest for the 60% treatment. Cumulative BC change over the course of the entire experiment tended (cubic, P = 0.12) to be somewhat inconsistent; however, the smallest increase in BC was measured for the 60% treatment group.
A small effect (cubic, P = 0.03) on calf birth weight (Table 6) was observed with increasing level of urea fed to the cows before calving, although treatment effects on calf ADG and weaning weight were not significant. Pregnancy rate was not affected (P = 0.82) by level of urea fed prepartum.
Experiment 4: Second Cow Performance Study with Tallgrass-Prairie Forage
When measured over the period from the beginning of the experiment through calving and breeding, cows fed more urea lost more BW (Table 5 ; linear; P ≤ 0.06). However, cumulative BC losses through calving were quadratic (P = 0.04) with the greatest loss for the high- 
Standard error of the mean. est level of urea inclusion. By the beginning of the breeding season, BC losses were linearly (P < 0.01) related to urea level. Ending BW and BC scores were similar for all treatments (P ≥ 0.41). The birth weights of calves, calf ADG, and weaning weights (Table 6) were not significantly affected by the level of urea fed to the dams prior to calving. Additionally, the pregnancy rate of the cows was not affected by prepartum treatment (P = 0.44).
Discussion
Forage Intake, Digestion, and Fermentation
All treatment groups in the digestion trial readily consumed the supplements provided. The lack of urea treatment effects on forage OM intake, total OM intake, and DOMI over the range of urea inclusion evaluated (0 to 40% of DIP) agrees with previous work from our laboratory (Köster et al., 1997) . That study reported similar forage intake for steers infused with purified substrates that provided different proportions of supplemental DIP as urea (0 to 100%). This response also agrees with data reported for cattle by Raleigh and Wallace (1963) and sheep by Swingle et al. (1977) . In general, differences in performance for ruminants fed urea-based vs true protein-based supplements do not appear to result from large effects on forage intake.
Total tract OM and NDF digestibilities also were not affected by treatment over the range of urea levels evaluated. These observations are similar to those demonstrated in other studies (Ammerman et al., 1972; Petersen et al., 1985; Lee et al., 1987 ) that compared ureabased supplements with true-protein supplements. In contrast, some studies have shown that OM digestion was less with urea-based supplements. In such cases, urea N often represented a high proportion (> 50% of the CP equivalent) of the total supplemental N (Oh et al., 1969; Kropp et al., 1977a) . Some research has suggested that the replacement of all of the true protein by urea N may result in a depression in microbial production and digestion because of limitations in bacterial growth factors such as peptides, amino acids, and branched-chain VFA (Hume, 1970; Redman et al., 1980) . In agreement with this, Köster et al. (1997) reported that OM and NDF digestion declined when urea inclusion was greater than 75% of the supplemental DIP (within the context of a supplement that contained 40% CP). All treatment levels examined in our study were well below levels at which digestion has been depressed by urea inclusion in previous research.
Given that ruminal pH generally is associated inversely with the total concentration of VFA, the lack of response in pH is in agreement with the similarity of total VFA concentration across treatments. Ruminal ammonia N increased with increasing proportion of urea in the supplemental DIP. This probably reflects differences in the rate of ammonia release with increasing urea in the diet. In general, the ammonia N concen-trations in our study were low (particularly the 0 and 20% treatments) based on the frequently cited guidelines suggested by Satter and Slyter (1974) . Although it has been common to observe very low ammonia N concentrations in previous studies conducted with dormant, tallgrass-prairie forage (Stafford et al., 1996; Olson et al., 1999) , the interpretation of such concentrations is difficult because it reflects a balance between production and utilization (Petersen, 1987; McCollum and Horn, 1990) . Although low ammonia N may simply reflect low dietary N, it is also possible for efficient capture of available ruminal ammonia N to contribute to lower concentrations. The similarity in OM and NDF digestion across treatments suggests the latter may have been a possibility in our experiment. Indeed, the amount of DIP provided in these supplements was designed to be similar to that found to maximize DOMI of similar forage in a previous study (Köster et al., 1996) .
Although previous research regarding the substitution of urea for true protein in supplements has observed significant shifts in VFA proportion (Köster et al., 1997) , the magnitudes of such changes were not great unless urea levels were quite high. Thus, we suspect that the level of substitution in our study was limited enough to minimize significant shifts in VFA proportions.
Experiments 2, 3, and 4: Cow Performance Studies
One of the most significant observations from these experiments was the refusal to eat the supplement that contained 60% of its supplemental DIP from urea by the cows grazing tallgrass-prairie pasture (Exp. 2). Other studies Owens et al., 1980) also have reported problems with supplement intake when urea constituted a relatively high proportion of the supplemental N. Certainly, this would be a concern when developing urea-based supplements for beef cattle grazing low-quality forage. The fact that cows in Exp. 3 did not refuse the supplement that contained 60% DIP from urea suggests that differences in forage quality and(or) management conditions (e.g., grazing vs drylot; point at which urea is removed before calving, etc. ) may affect supplement acceptability. The forage sorghum hay offered in Exp. 3 contained 69% more crude protein and had higher inherent intake and digestion potential (intake and digestion measured without supplementation were 88.7 g/kg 0.75 and 53.5%, respectively; data not shown) than the tallgrass prairie available in Exp. 2. Given that supplement acceptability was not problematic at the 45% level in Exp. 4, the maximal urea inclusion rate for prepartum use in low-quality range situations likely falls between 45 and 60% of the DIP as urea for supplements that contain 30% CP. Clearly, this may differ for supplements that contain higher concentrations of CP (i.e., where the urea is offered in conjunction with lesser amounts of supplemental carbohydrate). For example, if one fed the same amount of supplements that contained either 30% or 40% CP and both provided 45% of their DIP from urea, the 40% CP supplement would deliver as much as 30 to 40% more urea depending on the actual difference among supplements in DIP concentration. Defining optimal urea inclusion rates for supplements that contain different amounts and types of carbohydrate, as well as understanding how other management conditions and physiological states might affect such optima, would be beneficial.
In general, when compared within experiments, the responses observed for BW and BC change were not extremely large, even when such effects were statistically significant. However, these characteristics all indicated a decline in performance in those groups receiving supplements with the highest levels of urea inclusion (40 to 45% for the cows grazing tallgrass prairie and 60% for cows fed forage-sorghum hay in confinement). These observations suggest that prepartum use of supplements that contain urea may be used for winter feeding of spring-calving range cows without much performance loss as long as the level of urea used is not too high. In contrast, previous research, in which NPN constituted a relatively high percentage of the supplemental "protein," has frequently demonstrated the failure of NPN to be as effective as true protein in supporting maintenance of beef cows on low-quality winter range Forero et al., 1980) . However, these studies also entailed significant postpartum supplementation with urea-containing supplements and, as a result, the feeding of cows with relatively higher nutrient demands (due to lactation) than the prepartum cows in our study. Thus, caution should be exercised in extrapolating the results from our study to situations where supplements that contain urea are fed during the postpartum period. It seems likely that some level of urea inclusion may be feasible for postpartum range-cow supplements; however, insufficient information is available at present to draw definitive conclusions as to optimal inclusion levels.
Improved performance in response to DIP supplementation typically is related to increased intake and digestion, and possibly improvement in the efficiency of metabolizable energy use (Owens et al., 1991) . Experiment 1 indicates that the substitution of low levels of urea (20 and 40% of supplemental DIP) for true protein did not alter intake and digestion. Therefore, the slightly negative trends observed for BW and BC changes in our experiments are not likely to be explained by differences in intake and digestion.
Asynchronous release of ammonia N and insufficient undegradable intake protein (UIP) supply are two factors often considered when discussing reduced performance observed with NPN-based supplements (NRC, 1996) .
The lack of effect on intake and digestion in Exp. 1 (in which supplements were fed once daily) concurs with the work of Mizwicki et al. (1980) and implies that asynchrony is unlikely to explain the effects on performance, unless the asynchrony exerts its effect extraruminally (e.g., via detoxification demands at the hepatic level). Clearly, one major mechanism by which ruminants cope with asynchronous N and energy supply is via the mechanism of N recycling. With regard to UIP supply, the supplements in this study were fed in an amount estimated to provide the amount of DIP necessary for maximum intake and utilization of dormant, tallgrass-prairie forage (Köster et al., 1996) . In order to use common feedstuffs to accomplish this, control the % of DIP from urea, and simultaneously hold the amount of supplement DM and CP fed constant, the DIP and UIP contents of the supplements differed slightly. Declines in the total UIP intake of cows fed supplements with increasing levels of urea could possibly have contributed to a reduction in metabolizable protein supply. However, it appears that the magnitude of the effect was limited. Perhaps more importantly, Olson (1998) found that cow performance was not improved when increasing levels of supplemental UIP were provided to cows fed low-quality tallgrass-prairie forage that had already been supplied with sufficient supplemental DIP to maximize DOMI. This suggests that metabolizable protein supply was adequate for the level of energy supplied when the DIP requirement is met via the combination of tallgrass-prairie forage and concentrates with relatively high ruminal protein degradability.
The limited effect on calf birth weight, ADG, and weaning weight agrees with other work Forero et al., 1980; Pate et al., 1990 ) that compared birth weight and calf performance from cows offered either urea-based or true-protein supplements. Although not significant, pregnancy rates in both Exp. 2 and 3 exhibited numerical declines at the highest urea levels. Previous work by Forero et al. (1980) noted a significant decline in reproductive performance when urea was substituted for true protein in supplements at relatively high levels (> 60% of CP) and fed to beef cows during lactation and(or) breeding. However, in our studies, supplements were fed only during the prepartum period. This, coupled with the fact that differences in BW and BC changes at the high urea level were not extremely large, suggests that as long as one uses limited amounts of urea the effects on reproductive performance should not be large. However, additional research with larger cow numbers and comparing prepartum vs postpartum supplementation would be helpful in clarifying potential effects on reproductive performance.
Implications
When sufficient degradable intake protein is provided to maximize digestible organic matter intake of lowquality forage, urea can be substituted for at least a portion of the protein without negatively affecting supplement palatability, forage intake, and diet digestion. Feeding supplements that contain urea during the prepartum period will have limited effect on body weight or body condition changes in beef cows or subsequent calf performance as long as urea inclusion levels are not too high (probably not more than 40 to 45% of the degradable intake protein as urea in a supplement that contains 30% crude protein; maximal performance is likely at inclusion levels < 40%). Basal diet and(or) management conditions may alter optimal inclusion levels. Although prepartum supplementation with different urea levels did not significantly alter pregnancy rates, caution should be exercised in extrapolating these results to the use of such supplements during the postpartum period.
